Oxidative stress in bacterial meningitis in humans.
To study reactive nitrogen species-mediated oxidative brain damage and antioxidant defenses in patients with acute bacterial meningitis. Nitrotyrosine (a widely used marker for the formation of reactive nitrogen species, such as peroxynitrite) and the lipid peroxidation product 4-hydroxynonenal were detected by immunohistochemistry in brain specimens obtained at autopsy. CSF concentrations of nitrotyrosine were quantified by ELISA. CSF and serum concentrations of ascorbic acid, uric acid, and its oxidation product allantoin were determined by high-pressure liquid chromatography. Tyrosine nitration was strongly increased during meningitis. It was most evident in inflammatory cells and blood vessels in the subarachnoid space. The same cell types stained positive for the lipid peroxidation marker 4-hydroxynonenal, suggesting that reactive nitrogen species contribute to oxidative brain damage during meningitis. High CSF nitrotyrosine concentrations were associated with an unfavorable outcome according to the Glasgow Outcome Score. In the CSF, the increase of nitrotyrosine was accompanied by a depletion of the antioxidant ascorbic acid and an increased oxidation of the natural peroxynitrite scavenger uric acid to allantoin. These findings indicate that oxidative stress due to reactive nitrogen species and altered antioxidant defenses are involved in the pathophysiology of bacterial meningitis in humans.